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The number of specialised formulas for the treatment of cows' milk intolerance has increased markedly, but few studies have compared the efficacy of different nitrogen sources, particularly with respect to feed tolerance, palatability, and growth. Each nitrogen source has inherent merits and disadvantages. Formulas based on casein hydrolysates have been widely used for over 40 years. In these, nitrogen is present as peptides and free amino acids. They have been shown to be non-sensitising in the guinea pig1 and reports of adverse clinical reactions are rare. Unfortunately their unpalatability and high cost are disadvantages. The relatively high carbohydrate concentration (9 g/100 ml) in some formulas may lead to carbohydrate intolerance, particularly following neonatal gastrointestinal surgery. In contrast, whey hydrolysates are relatively new. They usually have a lower carbohydrate (7 g/ 100 ml) concentration, and are arguably more palatable than casein hydrolysates. There have already been several reports indicating intolerance to whey hydrolysates in vivo and vitro2 3 as well as fatal and severe reactions in the guinea pig, but it is too early to tell whether they are truly more sensitising. 4 Special formulas based on amino acids have a higher osmolality than hydrolysed protein formulas and there is evidence that free amino acids are more slowly absorbed than peptides from a hydrolysed protein formula. [5] [6] [7] Moreover, feeds containing only free amino acids as their nitrogen source are generally unpalatable and expensive. However, allergic reactions to pure free amino acids are very unlikely, even in children with severe cows' milk protein intolerance.
To date there has been no direct comparison of feed tolerance, palatability, and growth in children receiving formulas containing nitrogen derived from hydrolysed protein or from a free amino acid nitrogen source. We have therefore conducted a randomised, double blind study in patients with varying forms of intolerance to cows' milk formula. We compared two nutritionally complete formulas in which only the nitrogen sources differed: a whey hydrolysate and an amino acid based feed.
Methods

SUBJECTS
Forty infants and children with a median age of 10 weeks (range 36 weeks' gestation to 108 weeks' postnatal age) were recruited (table 1) . The criteria for inclusion in the study were the presence of persistent diarrhoea while receiving a cows' milk formula; persistent postgastroenteritis diarrhoea; or diarrhoea following neonatal gastrointestinal surgery (table 1) . The diagnosis of cows' milk intolerance was based on the onset of diarrhoea and failure to thrive, sometimes in conjunction with a rash, following the introduction of cows' milk into the diet. A family history of atopy was almost invariable and an eosinophilia was common. Symptoms settled promptly following A total of 40 infants in the study gave a probability of detecting a difference of 900 g between groups at the 5% significance level, with a power of 80%.
RANDOMISATION AND FOLLOW UP
After informed parental consent, subjects were randomised in blocks of four to receive either the amino acid (AA) or hydrolysed whey (HW) formula. Nineteen subjects received the AA formula and 21 the HW formula. The subjects received the assigned formula either as a sole source of nutrition or in conjunction with milk-free solids for either six months or until they ceased to require a milk-free formula, whichever was shorter. The parents and principal investigator were blind to the study feed being taken by the subjects.
Twenty nine subjects completed the study, 16 on the AA formula and 13 on the HW formula. The median (range) length of follow up was 25 (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) weeks for the AA formula and 24 (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) weeks for the HW formula. Only one subject in each group received the formula for less than six months.
ANTHROPOMETRY
Anthropometric data were collected fortnightly by the same observer (CMcL). Nude weight to the nearest 0-01 kg was measured using portable electronic scales (Seca Model 724). Length was measured to the nearest 0-1 cm using a Harpenden stadiometer. Head circumference and mid-upper arm circumference (MUAC) were measured to the nearest 0 1 cm using a paper tape measure. Standard deviation (z) scores for weight for age, length for age, and weight for length were determined using NCHS reference standards.9 MUAC measurements were expressed as percentages of the expected value for age and sex.10 Biochemical and haematological investigations Plasma electrolytes and albumin and a full blood count were estimated from capillary samples at entry and at eight week intervals throughout the study. Urinary electrolytes were estimated at the same times.
FORMULA INTAKE AND WEANING
Parents were instructed to document prospectively the number of separate feeds and the volume of AA or HW formula taken during the study. Solids were introduced at between 3 and 6 months. While on the AA or HW formula all babies or young children were maintained on a diet free of cows' milk and all milk-containing foods. The parents were instructed to record the intake of solids using household measurements. For weaning solids the amount was usually described in teaspoons.
In subjects under the age of 9 months, the intake of solids was recorded daily in a diary. In those over 9 months, a three day food diary was completed monthly. The records and diaries were then checked with the parents by one of us (CMcL). Nutritional analysis of the total intake was calculated using the Microdiet computer program based on 
BIOCHEMICAL AND HAEMATOLOGICAL RESULTS
At entry and throughout the study, haemoglobin and plasma albumin, sodium, and potassium were within normal reference ranges on both feeds. Plasma albumin concentration in the patients on the HW formula increased significantly from a median value of 35 g/l at the start of the study to 41 g/l at the end of the study (p<005). There was no significant change in plasma albumin for the AA formula, with a median value of 37 g/l at the start of the study and 38 g/l at the end of the study.
DIETARY INTAKE
There were no significant differences between formula and total energy intake at the start, 12 weeks and completion of the study between the two groups (table 4). Although introduction of weaning solids did reduce the intake of both study feeds, this was by the amount expected for normal infant feeding.
Before the study, six subjects who had undergone gastrointestinal or cardiac surgery were receiving additional energy supplements in their feeds in the form of added glucose polymer (Maxijul; Scientific Hospital 
